Engaged households are needed for the future 'smart grids' to function, but it is difficult to engage residents in their household electricity consumption. Building on earlier research suggesting that a local social network could provide a suitable context for energy feedback, this paper examines how feedback presented in a social network should be designed in order to be better understood by the residents and encourage long-term engagement. A review of the literature on design principles and cases where they had been implemented identified 24 principles. A prototype feedback design adapted for a local social network was made, based on design principles deemed suitable for the screens designed. End-user feedback on the prototype was collected through a stakeholder consultation workshop. In the workshop discussions, 17 identified principles were mentioned and there was support for 15 of these, one was both supported and contested and two were contested. Based on comments and suggestions from end-users, a revised version of the feedback prototype was made for implementation in a pilot study in Sweden and Portugal.
Introduction
The target of maintaining a global temperature increase below two degrees, as specified in the Paris agreement [43] , requires a sharp reduction in greenhouse gases (GHG). Energy efficiency and a fuel shift towards renewable energy sources are two primary paths for achieving this reduction goal [24] . In the power system, much renewable energy production is intermittent due to the fluctuating availability of solar radiation, wind and waves. This is problematic, since the power grid needs to maintain a balance between power production and consumption at every moment. To better accommodate these intermittent energy sources, power grids are gradually becoming 'smarter', but the cooperation of electricity consumers is also required [4] .
Residential consumers are responsible for 20% of European GHG emissions [14] , and can therefore play an important role in reaching climate targets. The behaviour of residents is a key factor affecting electricity consumption in households [28, 45] . Thus, residents need to become more engaged in their electricity consumption and change their behaviour. One way for residents to help match demand with production is by so-called peak load reduction and load shifting, where electricity consumption is reduced or moved from hours with peak load (generally early morning and * Corresponding author. E-mail address: aram.makivierikko@abe.kth.se (A. Mäkivierikko). late afternoon, when people get home from work) to other times of the day. A common approach in encouraging households to reduce energy use in general or during peak hours is to provide them with feedback about their energy consumption and peak reduction events. However, energy is often seen as "abstract, invisible [and] untouchable " [15] and load-shifting usually requires the residents to change their schedules, routines or habits. Therefore, engaging residents is a difficult challenge for many distribution system operators (DSOs) responsible for operating and maintaining local electricity grids ( [22] ; [32] ). One main reason for this complex engagement issue is the technology push-oriented approach often adopted by DSOs [18, 33] , where energy feedback is provided to residents on the assumption that they will react to it. However, this rarely happens unless the resident is already interested or has knowledge about energy-related matters.
In previous work, we suggested that a needs-driven approach providing feedback to residents can be more effective than a technology push-oriented approach [29] . Our idea was to provide energy feedback in a context that people use for other purposes, and we suggested a sustainability-oriented local social network for neighbourhoods as a suitable context (ibid.). By 'social network', we mean a digital online social networking service such as Facebook, featuring social media characteristics such as being an internetbased application, relying on user-generated content, having profiles for users and groups, and allowing users to communicate with other users/groups [31] . In a local social network, each user be- longs to a specific geographical area and they can communicate with other users within that area or in nearby areas. We chose the neighbourhood as a geographical area since the social influence from the group of neighbours could be an effective means to change behaviour [29] and because the neighbourhood level is where many energy and material flows converge and can be usefully measured and controlled [51] . From the point of view of the electricity grid, being able to affect the electricity demand at neighbourhood level could help stabilise the grid [35, 48] and decrease the load on grid equipment [34] , thus making it possible to defer investments in grid infrastructure (ibid.). Regarding the sustainability orientation, a local social network by nature has the potential to increase local social sustainability, since it increases the connections between neighbours. If the social network offers features increasing the environmental sustainability, such as a renting and sharing service aiming to increase the circular economy, providing energy feedback as another environmental feature would probably not feel as out of place as would providing it in a general social network without a sustainability focus. However, since integrating energy feedback within a social network is a novel approach, research is needed on how energy feedback should be designed for use within a local social network and to take advantage of its possibilities.
The aim of this study is thus to design and develop feedback on electricity consumption for use within a local social network that encourages long-term engagement. In particular, we sought to identify general design principles on how to design effective and engaging feedback by studying the literature; explore the validity of the design principles using prototyping and customer consultations; and refine the prototype design based on customer feedback.
Background
To support the transition towards a sustainable energy future where residential energy behaviours matter, numerous feedback and visualisation mechanisms have been developed over the years but there is a lack of longitudinal studies on their effectiveness (e.g. [10, 21, 26, 47] ). Furthermore, the feedback itself has been the subject of criticism [6] . Strengers [41] captures this criticism by claiming that such mechanisms are designed for an ideal "Resource Man " consumer who is very interested and knowledgeable about energy use and keen to change it, and who makes very rational decisions using signals and automation in order to optimise energy use. Strengers (ibid.) notes that most home energy management systems seem to be designed for Resource Man, but that the reality is quite different, as everyday life is messy and few people live in a way resembling the life of Resource Man. Thus, Strengers supports the call by Dourish and Bell [12] for researchers and practitioners to design for this 'mess' and also suggests designing for 'slow time', where slower-paced activities are scheduled based on the availability of energy. An extreme example of this is electricity blackouts, which according to Schwartz [38] increase the feeling of powerlessness, but also prompt families and friends to socialise more and create stronger bonds.
Building on these insights, a local social network for a neighbourhood may be a suitable mechanism to engage residents. Social networks emerged as a concept used by mostly technologically savvy people discussing special interests, such as technology or music [5] , but have become a world-wide phenomenon for social interactions. This is best exemplified by Facebook, which became available to a world-wide audience in 2006 (ibid.) and grew from 100 million to 2.3 billion active monthly users between 2008 and 2018 [39] , thus becoming the world's largest social network [40] . Social networks thus seem to fill a social need for a wide audience of people of all ages, helping them keep in contact with people they already know, such as family and friends. A local social network for neighbourhoods, designed to connect people who live close to each other but do not already know each other, could potentially strengthen place identification [44] , leading to increased engagement in achieving collective goals and incentives. Feedback design within this needs-based design approach is explored in this paper.
Method
In order to design feedback for a local social network, Zimmerman et al.'s [49] formalised version of the research through design (RtD) process [17] was used. This process is intended to create design artefacts that "can transfer the world from its current state to a preferred state " [49] . The process comprises five suggested steps [50] , the first four of which are covered in this study and the fifth is left for future work.
1. Select -choose the research problem to investigate. 2. Design -conduct a literature review to assess the state of the art, and then create an initial framing for a new idea for a product or service that is iteratively refined. 3. Evaluate -throughout the refinement process, continually evaluate the idea and the design moves, the rationales for introducing these moves, and whether different hunches did or did not work out.
Reflect and disseminate -reflect upon the evaluation results
and then communicate these via e.g. peer-reviewed conferences or journal papers. 5. Repeat -repeat the whole process in order to get the best results.
The steps are performed as shown in Fig. 1 . The research problem (step 1) in the present study, i.e. designing electricity feedback for a local social network, was described in the introduction Fig. 1 . Workflow involved in following steps 1-4 of the Research Through Design (RtD) process in this study. The shadowed blue boxes indicate the design artefacts from the process. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) ( Section 1 ). For the design phase (step 2), a review of the literature was made to identify design principles for the feedback, based on which an initial design prototype was produced. This was then evaluated (step 3) in a stakeholder consultation workshop, and the end-user feedback was taken into consideration when updating the prototype design (step 2). The results are disseminated in this paper (step 4), and the feedback design prototypes are the resulting design artefacts of the RtD process. The literature review is described in more detail in Section 3.1 and the workshop setup in Section 3.2 .
Literature review on feedback principles
Electricity feedback following design principles based on theory, empirical data and best practices has greater potential to be understandable and effective. In order to identify appropriate feedback design principles, a two-part review of the literature was conducted.
The first part concentrated on literature on social and behavioural psychology used in the context of energy conservation behaviour, mainly the Theory of Planned Behaviour [2] but also Self-determination Theory [36] regarding motivation and Social Identity theory [42] regarding the effects of belonging to a group. These theories were used to derive design principles for the feedback.
The second part, where design principles were identified directly rather than by derivation, was based on a meta-study providing recommendations for energy feedback design in smart grids [13] . The meta-study used Google Scholar and Web of Science with the search terms "eco feedback" OR "feedback AND energy" OR "feedback AND shift load" OR "smart meter" AND "feedback", and included papers from the year 20 0 0 and onwards. After excluding papers not relevant to the topic, the meta-study covered 35 journal papers and 10 conference papers. These were later complemented with 10 customer engagement papers from the marketing discipline, three papers from the human-computer-interaction discipline and 20 European smart grid case studies [13] .
Many of the design principles identified in the literature review were also reported in an interview study in Stockholm Royal Seaport, Sweden [30] . This increases the probability of them being effective in a Swedish context, which is important as future pilot testing of the feedback design will mainly be conducted in Sweden.
Design of initial prototype
To develop an actual feedback design based on the design principles found in the literature, draft sketches were made of the most relevant electricity feedback screens, taking inspiration from existing energy feedback provided by e.g. Greenely, 1 Opower 2 and OhmConnect. 3 The sketches were then finalised to design/paper prototypes by a professional graphic designer.
Evaluation of the prototype and the design principles
In evaluation of the prototype design, end-users were consulted for two reasons: to gather opinions about the design, so that it could be improved, and to indirectly explore the validity of design principles identified during the literature review. This was done in the form of a stakeholder consultation workshop, to which future potential end-users were invited. In the workshop, the thoughtlisting technique [7] was used, in which the participants are subjected to a stimulus (in our case a printed image of the feedback) and then asked to spend a few minutes listing what comes to mind. This technique is often applied to individuals but we used it in a focus group setting, since interactions between members in focus group discussions can uncover thoughts or lines of reasoning that are not revealed in surveys or interviews [25] . The participants were split into four moderator-led groups of 4-6 people. To determine whether there were different opinions about individual and group-level feedback, two of the groups were given images showing only apartment-level feedback, while the other two groups were given images showing only collective feedback on building and neighbourhood level. The moderator used a predefined script following a stepwise information process ( Fig. 2 ) , to encourage participants to give their opinions about the prototype design. This stepwise process made it possible to apply the thought-listing technique in order to assess the spontaneous reactions of the participants to the feedback images and also to get their opinions about specific topics, such as whether the feedback was understandable, actionable, relevant and motivating.
The workshop was held in Stockholm, Sweden, on 14 May 2018. The participants (18 in total) were of mixed ages and eight were female. Ten of the participants came from Hammarby Sjöstad, the city district where the workshop was held, while the rest came mostly from surrounding districts. Some of the participants had above-average knowledge of electricity, e.g. a few were from the local DSO, and a few of those from Hammarby Sjöstad had been involved in a project with the aim of introducing electric vehicles to the district. The workshop was held in Swedish. The discussions were recorded, transcribed and translated to English, and then coded using the MaxQDA software. Four main code categories relevant for the scope of the study were established: 1) issues with the feedback, 2) suggestions for improvements, 3) motivating factors and 4) design principles. For the design principles category, the participants were not explicitly asked to discuss any of the principles found in the literature review. Instead, the text was scanned for indirect mentions that could be connected to the principles. Specific codes were added to each main category during the coding process. When a section of a text was found that discussed a main category, an attempt was made to assign that section to an existing code within that main category. If no suitable code was found, a new code was added. The total number of text sections assigned to each code was recorded. The number of participant groups (out of the four groups) that mentioned each code was also recorded.
Following the stakeholder consultation workshop, the feedback design was updated, taking into consideration the opinions of the participants in the workshop and also employing the expertise of a professional user experience (UX) designer.
Results

Identified feedback design principles
In order to increase the chances of electricity feedback being effective, it needs to be based on theoretical design principles that can be successfully interpreted into a physical design that is implemented in practice. Section 4.1 summarises the design principles identified in the literature review and exemplifies them by describing how they are implemented in energy feedback being developed for a local social network called LocalLife, 4 which is piloted in Stockholm, Sweden. The goal of electricity feedback is to make residents change their behaviour. The literature review therefore started by looking at theories in behavioural psychology. One of the best known and used is the Theory of Planned Behaviour (TpB) [2] , which states that behaviour is based on intention, which in turn is based on three determinants: the attitude toward the behaviour, the subjective norm (what 'important others' think about the behaviour) and perceived behavioural control (if you think you can achieve the behaviour). In the successor to this theory, Reasoned Action Approach [16] , the subjective norm is split into two variants: descriptive norms (what you think other people do) and injunctive norms (what you think other people think you should do). When providing comparative energy feedback in a social setting, utilising both of these norms is important. Descriptive norms can be an effective way to make users do as they think their neighbours do [8] , while injunctive norms can prevent the so-called 'boomerang effect' where well-performing households increase their consumption when they find out that they are performing better than most other households [27, 37] . A limitation with the Theory of Planned Behaviour is that it is often seen as restricting its notion of 'important others' to family and friends. However, group membership can also affect behaviour. Social Identity Theory [42] states that if someone identifies strongly with a group, that person will likely also adhere to the principles of that group and want to help the group sucoped as part of this paper will be piloted in Sweden and Portugal as part of the European Union project InteGrid.
ceed. In addition to the attitude, norms and behavioural control of TpB, motivation plays an important role in behaviour change. According to Self-Determination Theory [36] , the focus should be on increasing the intrinsic motivation for a behaviour, thus making behaviour itself (and not only the outcome of the behaviour) enjoyable.
Based on the empirical evidence, it is clear that there is no "one size fits all" type of feedback [1] . Some people are spurred by social influence, such as comparisons and competitions with others, while comparing or competing against oneself using e.g. goals can drive others. Gamification elements can be very motivating for some but disliked by others [13] . Monetary or environmental messages can also appeal differently to different people (ibid.). Having different types of elements in the feedback, while at the same time avoiding information overload, appears to be important (ibid). The feedback should also be as personalised as possible [11] .
Further, the feedback needs to be understandable and relatable [9, 13, 23, 30] . Many people cannot relate to kWh as an unit of measure [13, 30] . Using environmental units could be an option for some, but the commonly used unit of kg CO 2 emissions is also difficult for many to relate to [13] . Regarding relatability, it can be difficult for people to know whether their performance is good or bad [30] . Comparisons with other households can help solve this issue but they need to be made carefully, as users may ignore comparisons if they do not believe they are made in a fair way [30] . The most common energy comparison metric, kWh/m2, is not optimal for household electricity, as floor area alone is often not the main determinant of consumption [23, 28] . However, feedback could be perceived as more fair by comparing the household's consumption to that of a 'typical' household with similar characteristics [28] . The 'typical' consumption is calculated based on a small set of characteristics that greatly impact the household electricity consumption, including the number of residents. Using '% of typical consumption' as a comparison metric allows for 'fair' comparison of households with widely varying characteristics. It can also be used to give energy-efficient households that find it challenging to reduce their consumption further a percentually smaller reduction goal, while wasteful households are given a larger percentual reduction goal (ibid.).
When providing energy feedback, it is challenging to maintain user engagement. When electricity feedback is introduced in a household, it is interesting during the first few weeks/months but then becomes 'backgrounded' into everyday routines and is soon forgotten [19, 21, 30] . One effective way to keep interest up is to include 'push' elements, such as notifications, although 'pull' elements that motivate users to look spontaneously at the feedback should also be considered [13] .
Regarding the frequency and aggregation level of the feedback, it should preferably be real-time and frequent [13] , and related to individual appliances [13, 30] . Consumption that residents have control over, such as vacuum cleaning, should be distinguished from consumption that is always there, such as fridge/freezers [13] . Giving positive feedback is effective, but penalties should be avoided [13] .
The design principles identified in the literature review, the rationale behind each principle (whether from psychological theories or practical findings) and suggested practical solutions that have already been implemented as part of the prototype design, or will be implemented as part of the final design, are presented in Table 1 . The first six principles are derived from behavioural psychology, while the rest are compiled from pilot studies with energy feedback, empirical findings from energy competitions and the meta-study by Escudero Guirado et al. [13] .
Initial prototype
As a design artefact from the RtD process, a design prototype was developed. It consists of the main energy feedback screens and is based on a subset of the identified design principles applicable 5 and deemed relevant 6 for these screens. An example of the energy savings screen designed for a smartphone is shown in Fig. 3 . The different parts of the feedback are numbered, and the rationale for each part is described in Table 2 .
The design prototype was evaluated as part of a stakeholder consultation workshop described next.
Results from the stakeholder consultation workshop
To explore the validity of the design principles using prototyping and customer consultation, a stakeholder consultation workshop was held where the design prototype was discussed in focus groups. Issues raised in the focus group discussions were divided into four categories: issues with the feedback, suggestions for improvement, motivating factors and design principles. The main results obtained from the discussions are presented below.
Issues with the feedback
Sixteen different issues were raised during the discussions (a full list can be found in Appendix A , Table A1 ). The issues were 5 Not all identified principles in Table 1 are applicable to specific elements in the visual design prototype developed here, but are used in other parts of the feedback flow such as sign-up (P12), calculations (e.g. P12, P13) and notifications (e.g. P15, P16). 6 Even if a principle is applicable, it may not be relevant in the current Swedish context (e.g. P19 or P22). tagged as one (or in some cases, two) of the following four types (number of issues of each type in parenthesis): usability (7) , which in this context means that the different design elements are designed or presented in a way that makes the information difficult to understand; lack of information (2), which means that there is no information available about a concept; understanding (2) , which means that the information available (or the explanation given during the workshop) is not sufficient; and behaviour (6) , which is connected to the behaviour that the feedback attempts to change.
Six of the issues were only raised in the first step of the workshop, when the feedback design images had been handed out but not yet explained. Three of these were mentioned by multiple groups. These were: unclear savings goals, confusing usage of multiple percentage numbers, and difficult to understand comparisons. Another six issues were mentioned only after the explanation. Three of these received more than one mention, namely: concerns that load-shifting goals are hard to achieve, too much information shown on the screen, and lack of motivational factors. Four issues were mentioned both before and after the explanation, Table 1 List of the design principles (P1-P24) identified in the literature, the underlying rationale and in their practical implementation in the feedback design.
No.
Design principle Rationale Used Suggested solution for practical implementation in the LocalLife social network Source Findings from behavioural psychology P1 Make the user feel that energy saving/shifting is important and that his or her contribution counts
Increases positive attitudes to the behaviour (which is one of the main factors leading to behaviour change according to TPB).
Partly
Users are shown explanatory screens about energy saving/load shifting before they start using the service. Collective goals on household/neighbourhood level could increase the feeling that one's contribution counts.
Theory of planned behaviour (TPB) [2] , Reasoned Action Approach [16] , Practical findings regarding social norms based on TpB ( [37] ; Allcott, 2011)
P2
Make the feedback actionable Influences perceived behavioural control, i.e. shows that the behaviour is something that can be achieved by the user.
Yes
Energy saving tips are provided. For load shifting, the user is notified about when it is to be done, and also given load-shifting tips. P3
Use comparative feedback to other households Exploits two types of social norms : 1.
Descriptive norms (w hat others actually do), which helps people know whether they are doing good or bad, and gives a frame of reference.
Household consumption is compared with that of other households in the building and neighbourhood.
P4
Use encouraging means to reward users that perform well 2. Injunctive norms (how others think you should behave). Can decrease the "boomerang effect" that makes top performers consume more.
Yes
An avatar in the form of a bulb dragon with a happy, neutral or sad face is used to graphically and textually give messages on household performance. P5
Make the feedback interesting and actionable without users feeling "forced" to act against his or her will
Interest, a feeling of competence, a sense of autonomy, and positive feedback increases the intrinsic motivation for a task, which increases the probability of long-term engagement.
Joining the energy service within LocalLife is voluntary. Energy saving tips are provided.
Self-determination Theory [36] P6 Provide positive feedback Partly There are no penalties for performing poorly. Although there is an avatar with a sad face, the wording of the feedback is kept encouraging even for sub-par performance.
Findings from pilot studies on energy feedback, energy competitions and the meta-study by Escudero Guirado et al. [13] P7 Provide multiple forms of feedback Different types of feedback cater to different types of individuals. Goal setting and gamification works for some, comparative feedback for others.
The feedback is given in graphical (as different forms of charts and using avatar), numerical and textual forms. 
Actual household consumption versus typical consumption is used for comparison (see [28] ). [23, 28] P12 Use the number of residents in the household as part of feedback calculations
Number of residents in a household
is an important parameter determining its energy consumption, and in particular its electricity consumption.
Yes
When signing up to receive energy feedback, users must state the number of residents in the household. This is one of the inputs used in calculating typical consumption (see [28] ). [23, 28] ( continued on next page ) The feedback needs to be fair If users believe that comparisons with other households are not made in a fair way, there is a risk that they will not trust the feedback and will disregard it.
Comparisons and goal setting are made in a way that is fairer than other common approaches (see [28] ). [13, 30] P14 Provide real-time feedback Users can immediately see their current consumption and take action. Consumption by individual appliances can be determined by turning them on and off.
No This is not possible as the consumption data for a particular day is received on the next day.
[13]
P15
Provide frequent feedback In the absence of real-time feedback, frequent feedback can still make it possible to connect recent activity with electricity consumption.
Yes
Hourly data for each day is available on the next day, so new feedback can be given each day if necessary.
P16 Provide push and pull information Yes Periodical (i.e. weekly or monthly) summaries are sent (pushed) out as posts and notifications on building and neighbourhood level. Push notifications are sent to remind about load shifting events and their results. Daily consumption data is available for pull by the interested user.
P17
Provide per-appliance feedback Helps the user understand which appliances consume most energy and should be prioritised when attempting to reduce electricity use.
Not known
Having access to the aggregated household consumption only, this is not possible. Per-appliance consumption could be estimated using statistics for households in general, or by letting each household input its own values into some form of simulation tool. The risk is that the feedback is not personalised, which may lower motivation [11] . [13, 30] P18 Distinguish between appliances or behaviour that the user can affect with his or her behaviour or not Avoids user anxiety if energy use is perceived to be as low as 'possible' and the remaining usage cannot be affected.
Partly
Night consumption consists of mainly standby and fridge/freezer and can only be partly affected. Other consumption can be assumed to be behaviour-based. [13, 30] P19 Show the amount of money saved Saving money can be a powerful incentive to reduce electricity use in countries where the price is high. Even if the price is low, it could function as a unit of measurement that most people can relate to.
Not known
To be decided, will probably be dependent on the country. [13, 30] P20 Avoid using hard-to-understand energy units such as kWh
Yes
The initial version of the main energy view showed progress toward an energy goal in%, but this was changed in the updated version due to user feedback. To give a frame of reference for people with knowledge about electricity, the main feedback screen includes the own household's consumption in kWh. A detailed view of the hourly consumption in kWh will also be available. Health is often an important motivating factor for people.
No
In places with relatively clean electricity production such as Sweden, this would very likely have an insignificant effect.
P23
Avoid information overload If too much information is shown, the user gives up interpreting it.
Yes
Only the basic information is shown in the main feedback view, while details are hidden away.
P24
Make the feedback appealing to the whole family, including children
If children are engaged, they can in turn engage their parents.
Partly
The avatar is believed to be appealing also to children. Gamification aspects will be added.
[13] "Details" button P23: Prevents information overload by simplifying the initial feedback view and keeping longer explanations, detailed charts etc. on another page. but only one of these (regarding the load-shifting concept) was re-iterated by the same two groups that first raised it before the explanation (i.e. the explanation did not fully clarify the concept). The other three were: that it was not clear from the feedback how to achieve the savings goals, that the use of some colours was unclear, and a general fear of loss of comfort in order to achieve the required savings.
Suggestions for improvements
A total of 18 suggestions for improvements were mentioned (see Appendix A , Table A2 ). Of these, seven were mentioned either by more than one group or more than two times. These were (in order of number of mentions, then number of groups): explain the concepts of energy saving goals and load shifting before providing the feedback, show more or all energy saving tips at once, use units of kWh instead of percent, give an approximation of how effective the different energy saving tips are, provide detailed statistics on consumption, find a better term for load shifting, and use bar charts instead of circle diagrams.
Motivational factors
The participants mentioned 11 factors that they thought would motivate them to save electricity and two that would demotivate them (see Appendix A , Table A3 ). Of these, four were mentioned by two or more groups: save money, compete with others, save the environment, and salve one's conscience. However, some thought that the monetary savings were too small and that the energy reduction would be too small to make a tangible difference.
Design principles raised
The focus group questions did not directly mention any of the 24 design principles listed in Table 1 , but 17 of them were raised in some form during the discussions (see Table 3 ). Device-specific feedback was the most mentioned design principle. This was not unexpected, as it increases understanding of consumption of the 'invisible' resource of electricity. The principles with the next most mentions concerned positive attitude toward collective goals, the importance of using different types of feedback, using positive feedback, showing comparative feedback, and the importance of providing fair goals, all of which are relevant to the type of feedback considered in this study.
Three of the principles were in some sense disagreed on. The first, on avoiding hard-to-understand energy units such as kWh (P20), was both agreed and disagreed on. It was agreed on in the sense that the participants did not want to use a unit that was perceived as difficult to understand (percent), but disagreed on in the sense that they instead wanted to use kWh, which the design principle recommends against as it is a unit that many people do not comprehend. The second was on including some type of environmental feedback (P21), which is connected to the motivational factor to save the environment, but the participants suggested using amount of CO 2 emissions as the unit, which the principle advises against. The third principle on which there was disagreement was on collective goals (P1), where one participant thought that the building and neighbourhood scale was ineffective and that the feedback should concentrate on individual households.
Many of the suggestions from the focus group discussions were used to make a revised version of the prototype feedback, which is discussed in the next section.
Revised prototype based on findings from the stakeholder consultation workshop
A revised version of the feedback prototype was developed with the help of a UX designer, taking into account many of the issues with the design prototype raised in the stakeholder consultation workshop. The design improvements are listed in Table 4 and shown in Figs. 4 and 5 . The new design featured two main changes. First, the "My energy" screen was changed so that instead of showing an energy savings goal, implying a constantly ongoing competition possibly seen as stressing, it shows consumption by the household compared with typical consumption and with other households using the '% of typical consumption' metric [28] . Second, as the concept of load shifting was said to be difficult to understand, it was simplified into the concept of 'pause hour'. In line with designing for 'slow time', as suggested by Strengers [41] , this is an hour during which the resident is invited to take a pause from electricity-consuming activities, possibly by going for a walk or spending time socialising with family or friends. The pause hour was changed to be an opt-in event, as commitment can increase the probability of action.
Discussion
Households are responsible for one-fifth of the European GHG emissions [14] , and the behaviour of residents plays a major role in households' electricity consumption [28, 45] , which causes part of these emissions. Providing residents with feedback on household electricity consumption can lead to changed behaviour, but designing feedback for an "abstract, invisible [and] untouchable " [15] resource such as electricity that is understood and appreciated by Table 3 Identified design principles mentioned in the focus group discussions and agreed or disagreed on. The first column refers back to the principles listed in Table 1 
Table 4
Improvements to the feedback prototype based on issues raised in the stakeholder consultation workshop.
Issue/suggestion Solution
Difficult to understand geographical levels The user should already be familiar with the different levels as they are an integral part of the LocalLife social network and are introduced in the onboarding when the user joins LocalLife. Explain concepts prior to start There will be an onboarding flow that introduces the concepts. In the feedback, there will be screens explaining the concepts in more detail.
Unclear goals
The energy savings screen has been changed ( Fig. 4 ) : -Instead of showing a savings goal that should be achieved, consumption as a percentage of typical consumption (see [28] ) is shown, i.e. less is better. Thus the user gets feedback about the current consumption without there being a savings goal at all times that needs to be reached. Savings goals running over a week/month will probably still be provided from time to time.
-To reduce the number of visual elements, a percentage is only shown for the household's own performance. The comparison with neighbours and the top 10% is done graphically.
-The avatar messages are simplified and do not contain percentages.
-The information is shown using bars instead of a circle diagram.
-To simplify the comparison concept, there is only one average to compare against: apartments in the neighbourhood. The comparison with apartments in the building is removed.
Use of multiple percentages hard to understand Avoid having constantly ongoing competitions Understand comparisons/averages Use bars instead of circle diagrams Show decreasing consumption (less = better) instead of reduction goal Too much information on one screen Does not increase awareness of consumption See more/all energy saving tips instead of only one A page with all tips will be provided. Load-shifting concept hard to understand Instead of "load shifting", the concept will be called "pause hour"; an hour to take a pause from electricity-consuming activities. It will be introduced in the onboarding. Find a better term for load-shifting The load-shifting will have a savings goal in kWh, i.e. "save 0.5 kWh between 17.0 0-18.0 0 h", that needs to be completed ( Fig. 5 
) Know how to achieve goals
The load-shifting goal will be accompanied by examples calculated from the energy amount that should be saved ( Fig. 5 b) .
Give detailed statistics on consumption
For the electricity consumption, there will be a separate "details" page that shows hourly/daily/monthly consumption in kWh. The main screen still needs to use% in order to enable the "% of typical consumption" metric [28] .
Use kWh instead of% Does not increase awareness of consumption everyone is a difficult, if not impossible task, as was found in both the literature review and the stakeholder consultation workshop in this study. Features such as gamification, comparative feedback and collective goals that are appreciated by some are disliked by others. However, using design principles based on behavioural psychology theories and empirical findings when developing feedback should help make the feedback more effective for the majority of people. Seventeen of the design principles found in the literature were mentioned in the focus group discussions without specific prompt-ing. Fifteen of these received positive mentions, indicating good support for them. The second most mentioned feature connected to a principle, collective goals, is of special interest within the context of the feedback developed here, as it strengthens the hypothesis that showing collective goals on building or neighbourhood level is a type of feedback that can engage people. The mention of 'fair' goals indicates that the comparison against typical household consumption [28] implemented in the revised version of the feedback could make the comparative feedback more effective for households. Three principles were partly disagreed with in the focus group discussions. The suggestion to use 'complicated' units like kWh and kg of CO 2 was made by participants with above-average knowledge about electricity who are accustomed to these units. Some of the participants worked at the local DSO, and some had been involved in a local project on electric vehicles. Another reason for mentioning kWh could be that the use of multiple percentage units may have been even more confusing than the somewhat familiar kWh metric. The mention of a CO 2 -based unit may indicate a general desire to include environmental feedback, which that was absent from the prototypes. Above all, these different opinions strengthen the design principle of using different types of feedback, e.g. some people are more individual-oriented, while the collective is important for others and simple feedback is enough for many, while some want to dig into the details.
Transforming design principles into an actual feedback design is also challenging. There is no 'right' or 'wrong' way in design, but the artefacts produced by the RtD process are one solution that can "transform the world from its current state to a preferred state " [49] , and as shown in this paper, there is always room to improve that solution. The first feedback prototype was based on many of the identified principles, but the stakeholder consultation workshop revealed that the prototype had issues with usability and was still difficult to understand. This kind of prototyping process, in which potential end-users are involved, thus appears to be helpful in finding the most relevant issues, although it was not possible to evaluate the revised design in this study.
It is not always possible or feasible to implement all design principles in practice. An example is device-specific feedback, which was the features most often mentioned in the workshop. Device-specific data can generally not be obtained from the smart electricity meters that are installed in most households today, and would require either sub-metering for each appliance or a special meter such as Smappee 7 that is capable of recognising the signatures of different appliances. Another example is realtime data, which is generally not possible to obtain for the same reason.
Of the issues raised in the focus group discussions, understanding the load shifting concept stands out. It was one of the most frequently mentioned issues, but also the only issue that was not clarified sufficiently by the discussion moderator, as the two groups that raised the issue before the session also raised it after the session. This suggests that the concept of load-shifting is unknown to the general public, at least in Sweden. As demand response approaches such as load shifting are essential for future smart grids to work [4] , the public needs to be better informed about why it is important and why they need to participate. This could be facilitated by using terms that are easier to understand, such as 'pause hour' in the revised version of the feedback prototype. As the 'pause hour' is envisioned as a type of 'slow time' [41] , it could lead to spending more time with family members or friends, thus generating some of the positive effects found by [38] .
An advantage of providing energy feedback within a local social network is that its social nature and features could facilitate practical implementation of six of the design principles listed in Table 1 . By providing collective energy feedback on a building or neighbourhood level, the users' contribution is shown as part of a larger group effort, which could motivate the user according to Social Identity Theory [42] and connects to the principle of making the user feel that his or her effort counts (P1). Having consumption data from other residents allows for comparative feedback using descriptive social norms (P3) according to TpB [2] , while also 7 https://www.smappee.com . giving a frame of reference regarding the household's consumption (P9). The presence of both competitive and collaborative elements in the feedback makes it diverse, appealing to a wider range of people (P7). Rewards for good performance in the form of e.g. badges visible to other users could reinforce the importance of being an environmentally conscious neighbour for new or notso-well-performing neighbours (P3). Such rewards could also act as a positive injunctive norm for users that perform well (P4), increasing their motivation to continue to perform well [20] , and such motivation is generally stronger among friends and neighbours than among complete strangers [46] . The interest of the users could be maintained by a changing element (P10), such as periodic summaries of the energy performance of the building and neighbourhood shown in the user's feed, and the constantly changing dynamics due to the changing consumption patterns of the neighbours.
We believe that feedback created using design principles from behavioural psychology and human-computer interaction research is key to increasing awareness and engagement among household residents regarding their energy consumption. A longitudinal study is needed to examine the potential to create long-term engagement using our approach with a local social network providing a context for electricity feedback. In contrast to many short-lived pilot studies, our approach facilitates longitudinal studies by being based on user needs and thus being used for extended periods of time. Our approach could thus help overcome the current lack of knowledge regarding the long-term effectiveness of electricity feedback pointed out in multiple studies (e.g. [10, 21, 26, 47] ). It should be noted that a successful longitudinal study requires the number of users to be large enough for statistically valid conclusions. The local social network (i.e. LocalLife) thus needs to grow a large user base, among which a sufficient number of users need to sign up to receive electricity feedback and give their consent to share their household's electricity consumption data from the smart meter with LocalLife. The ability of LocalLife to attract a relatively large share of the residents in a neighbourhood has been demonstrated in two of LocalLife's pilot city districts in Sweden: Rotorp in Halmstad and Solängen in Mölndal. Both districts have around 400 residents, of which 30% in Rotorp and 40% in Mölndal use LocalLife. Rotorp acquired around 50% and Mölndal nearly 80% of its LocalLife users in the first month. Around 50% of the users in both districts log in at least once a week. Thus, LocalLife has the potential to serve as a needs-based engagement solution. However, based on early observations of a beta implementation of the energy service in another pilot area, Stockholm Royal Seaport, it appears to be a challenging task to make residents share their electricity consumption data, requiring careful community management and the use of different recruitment strategies. Two potential barriers to households sharing consumption data using the current implementation of LocalLife in a Swedish context are i) legal requirements on consent, which complicate the sign-up process, and ii) the risk of getting a higher monthly electricity bill. The first barrier is expected to be lowered in 2022 with the introduction of the Swedish electricity market hub, Elmarknadshubb, 8 which will digitalise, standardise and simplify the consent process. The second barrier exists because many Swedish electricity retailers automatically change from charging households a flat tariff to imposing a potentially more expensive time-of-use tariff when they learn from the DSO that the household has been upgraded from monthly to hourly electricity metering. This issue is relatively new and is currently handled by having a dialogue with the electricity retailers, but is expected to be solved by an upcoming change in legislation. We acknowledge that there is much work to be done but, while our approach does not solve all issues with energy feedback or engagement, it weakens the barrier of user engagement.
Conclusion
In light of the current difficulties in achieving long-term engagement in household electricity consumption, in a previous study we developed the approach of using a local social network as a needs-based engagement mechanism within which engaging energy feedback can be provided. The present study builds on that approach by examining and exemplifying how energy feedback can be designed to be understandable, engaging and adapted to such a local social network. Based on a list of 24 generally useful design principles for energy feedback derived from the literature, a concept for using these in a local social network was developed. When a prototype design based on a subset of these principles was discussed during a stakeholder consultation workshop, 17 of the 24 design principles were mentioned without prompting, indicating strong empirical support for these. The most mentioned principles were device-specific feedback, collective goals and a need for different types of feedback. Some disagreement was found for two principles that recommended avoiding hard-to-understand units of measurements (kWh and kg CO 2 ), while collective goals were uninteresting for some. This disagreement reinforces the third mostmentioned principle that different types of feedback are needed and that one size does not fit all. The feedback design prototype was revised using insights from the focus group discussions.
One of the main issues uncovered was unfamiliarity with the concept of load shifting, making the feedback regarding load shifting difficult to understand. Therefore, one of the changes in the revision was to simplify the load shifting concept to a 60-minute break in electricity use (a 'pause hour'). The feedback design prototype will be implemented and evaluated in later studies.
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Table A1
Issues raised before and after provision of information about feedback and the concepts.
Issue
Type Explain concepts prior to start  6  3  See more/all energy saving tips instead of only one  6  3  Use kWh instead of%  3  2  Give an approximation of the effectiveness of the energy-saving tips  3  1  Give detailed statistics on consumption  3 1 Find a better term for load shifting 2 2 Use bars instead of circle diagrams 2 2 Learn when your consumption is low enough to be "sustainable" 2 1 Show decreasing consumption (less = better) instead of reduction goal 2 1 Show less information on main screen 2 1 Add possibility to set own goals 1 1 Avoid having constantly ongoing competitions 1 1 Give consumption examples for specific devices 1 1 Present information gradually in smaller chunks 1 1 Provide aggregated statistics (apartment groups) 1 1 Send a notification when the feedback for the previous day has been calculated 1 1 Show total amount of energy saved for neighbourhood/country 1 1 Use goals/challenges that increase energy awareness 1 1 
